INTRODUCTION
The present revolution in communication systems, particularly stimulated by internet, offers the possibility of much greater monitoring and control for power system, leading to more effective, flexible and lower cost operation [1] .Some designs took only channels into consideration [2] , or only discussed modulation technique without studying the frequency response of the channel and coupler [3] , or went with twisted pair cables but unavailable for high cross section cables [4] .To reduce impulsive noises in channels a master controller was employed to control solar tracker running time. A number of costly techniques were presented and discussed in [5] and [6] .
In the present paper, the contention-detection and contention resolution procedures proposed in [7] are improved by adopting a strategy to control data flow based on channel sensing for multiple accesses under supervision of a master controller. The proposed modem is designed based on the frequency response of the twin wire power line with coupler. The channel and coupler have been simulated from 1kHz to 20MHz and the modulation technique and used frequencies have been selected based on the channel response. The system has the ability to control a large number of trackers in vast fann with high efficiency and accuracy. The system consists of a master controller which is programmed to control and acquire data from all the solar trackers via its slave controllers. A new networking protocol is proposed to control data flow and boosting the data for long distance. The remaining parts of the paper are organized as follows. In Section II, the preliminary aspects of DC power line are introduced. Section III presents the channel calculations, and in section IV the design aspects of the modem are addressed. Section V describes the solar tracking management strategies. Section VI presents the result and discussions. The paper ends with the conclusion in Section VII.
II. PRELIMINARY ASPECTS FOR DC PLC
This section presents the twin core cable characteristics and the signal coupling circuits.
A. Channel characteristics:
It is important to know the used channel characteristics before deciding on the used modulation technique, transmitted and received power, channel coding techniques, the used frequency and the available bandwidth. It is also important to know if the used channel has a frequency selective or a flat frequency response. The adopted channel is a power line cable consisting of twin cores, each with a radius (a) and the distance between the centers of the two cores is (d) as shown in the Fig. l . There are three important factors need to be calculated about this cable namely the capacitor per unit length, inductance per unit length and the characteristic impedance. The fust two factors are important to expect the channel response and the last one is to achieve maximum power transfer through the channel. The main equations describing these factors are [8] :
The capacitance per unit length:
The inductance per unit length:
Where the approximation is valid for d»a.
The characteristic impedance:
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B. Coupling Circuit
The coupling circuit performs the connection with the communication channel. It acts as a filter that passes the communication signals, while attenuating out-of-band frequencies. Its design mainly depends on the line characteristics, such as voltage, frequency, wiring style, etc. In some applications, the coupling circuit can be required to provide safety isolation and protection from high voltage disturbances as mentioned in [9] . 
III. CHANNEL CALCULATIONS
The system frequency response depends on three factors: the power line characteristics, the signal trappers and the used coupler. The channel characteristics and the effectiveness of each coupling circuit on the frequency response of the system have been simulated. The selected twin core copper cable has been used with the following features: cross section = 25mm 2 , PVC isolated, resistor = 4e-3 Ohml m, Inductance =5e-7 Him and Capacitance = lAe-l OF 1m. Two pieces of cable have been used each 500 m long with three couplers, one for the master and two for the slaves. 
The capacitive couplers with two different cables length have been searched for a good response as depicted in Table I .
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The inductive couplers with two different cables length have been searched for a good response as depicted in Table II . According to the channel response with frequency range from 10 kHz to 20 MHz at different cable's length (500 and 1000 m), the channel response is a selective and there is no flat frequency response range. Before selecting the carrier frequency it is important to observe that there are more items to be taken into consideration like signal trappers which allow the DC power and prevent RF signal. The impedances of such trappers are directly proportional to the signal frequency and coil inductance. Since the coil inductance in power line is a matter of cost and weight, it is therefore important to use a suitable high frequency to achieve the desired impedance. The modulation technique is also important because a narrow bandwidth is needed to achieve a flat response.
IV. MODEM DESIGN ASPECTS
The channel frequency response shows that it is a narrow band frequency selective. Hence, it is required to adopt a narrow bandwidth modulation with carrier frequency within these resonated frequencies to achieve lowest attenuation on the receiver side which let the signal propagates for a long distance and cover the required vast area of the solar farm with no need of repeaters.
According to these requirements and because the transmitted data in binary format, it follows that there are two nominated modulation techniques, namely the binary amplitude shift keying (BASK) and the binary frequency shift keying (BFSK). To avoid the data collision in the channel, the transceiver should have a channel sensing circuit which detects the carrier frequency in the channel. But that will be difficult in case of using BASK. Also, using a BASK with two voltage levels will still be more complex than BFSK from the implementation point of view because its need for more multiplier and adder circuits. Hence, the design will adopt BFSK with two frequencies one for logic "0" and the other for logic "1". The used frequencies for BFSK should be selected carefully according to the channel response. Table 1 suggests many frequencies could be used in case of capacitive coupling. The channel has been established as an equivalent circuit consisting of 14 LC pi sections, each with a coil of 0.106 mQ/m, 35.71lH and a capacitor of InF. This is equivalent to a power line 25 mm 2 in cross section and 1000m in length. According to the conducted laboratory test a good response least dependent on the channel length is achieved by using f 2 = 236 kHz and f3= 354 kHz as depicted in Fig. 8 .
The modem should have its own channel sensing technique to detect the channel for the signal. Also, the system should have auto shut down the carrier frequencies if idle. Finally it is important to prevent the echo signal in transmitting mode. 2) Band Pass Filter: This filter is used to pass the mentioned frequencies only.
3) Power Amplifier: A class AB power amplifier has been used to increase the transmitted signal power.
B. Receiver Circuitry: 1) Low Noise Amplifier: The first stage in the receiver is the low noise amplifier. This stage is important because the circuit sensitivity will depend on its capability to detect low signal to noise ratio which leads to increase the range of the transmitted signal in meter.
2) Parallel LC Resonator: This circuit is designed to resonate at logic "0" frequency to make the signal with two voltage levels.
3) Envelope Detector: This circuit is designed to separate the carrier frequencies and get the data signal back. The design used this technique to demodulate the RF signal which is simple and low cost demodulator. An ultra fast diode is used to pass the negative part of the signal followed by parallel RC circuit. It is important to select the appropriate RC time constant to detect the envelope of the required signal. An operational amplifier has been used to regenerate the signal by comparing the signal level with threshold level which is adjusted according to the received signal voltage. The RC time constant should be chosen according to the following equation:
Where Ji, is the highest carrier frequency and In, =9600 Hz. So as a midpoint llRC is as 50 kHz or RC =20 J.lsec. The master controller starts sending an addressable permission for each single tracker to send it data as shown in Fig. 13 . A. When the slave tracker receives its own permission, it automatically replies a message containing the following data; panel voltage and current, fault code and acknowledgment of the general message as shown in Fig. 13 .B. This acknowledgment gives the master controller an indication about the connection quality. if the general message reaches the slave correctly, the master controller will not send the data back again because it is already expired but it is used to evaluate the connection quality. (8) c) Soft controlled repeating: The master control memorizes the reliability of the connection of all the slaves in the farm. if the master control does not receive a reply to the dedication message or receiving one acknowledge for the shared data or the received data with error, the master controller starts to evaluate this salve and reduce its reliability with every time this happen and vice versa. Now the question is this, does this slave not receive the signal because it is so far from the slave? The answer of this question depends on the performance of the adjacent slaves. 1n case the answer is "Yes", such slave reaches a specific level of reliability and the master control starts sending the data to this slave in an indirect way. The master will ask a nearby slave to repeat the message for the unreachable slave, and then receives its reply to forward it to the master controller. Fig. 14 shows the soft repeating procedure. ln Fig. 14. D, if the slave N doesn't answer slave N-1 af ault code will reply the master controller with control byte=Ox08H.
B. Microcontroller Software Duties
The Software part of this design is a complementary part and its software duties can be concluded as:
1) Error control and detection.Two coding techniques are used, namely checksum for the inner data and CRC-16 for the outer data. The microcontroller calculates the checksum and the CRC-16 code before sending the data to the transmitter, This value is transmitted after the End of Packet for error detection purposes at the receiver.
2) Flow Control: The microcontroller detects the channel sensing signal before transmitting any data. if this signal is low it means the channel is idle and the transmitter has a green light to transmit the data, ifnot the microcontroller will back offfor a random time and detect the channel again according to N back off strategy. It is also programmed to set the "TxEN"signal high in transmitting mode, this signal enables the VCO output and disables the RX data to avoid echo signal. 3) Route Reliability estimation.· One of the microcontroller important duties is to estimate the connection reliability level CRL between it and every slave in the field. In the initialization phase all slaves have the same CRL but this level could be an increase or decrease based on the quality of connection which depends on the detected error. 4) Fault detection: When the master controller receives any fault code from the slaves it automatically translates this code for the operator with ability to save some solution under user permission if the same problem happen in the future.
5)
Trackers running time management:To avoid impulsive noise slave controller does not run the actuators unless it receives its own dedicated message.
VI. RESULTS AND DISCUSSION
The present modem is simple, low cost and able to control the data transmission and reception for long distance without using extra repeaters. The adopted soft repeating technique can easily control the data flow in both directions. The used coding techniques for inner and outer message body can control the error of the transmitted data with high efficiency.
The main controller informs the user about the power supplied with each single tracker and the total power. In case of any fault in the trackers the master controller will inform the user by translating the fault code received from the slave. The master controller asks the user every time a fault will happen to save the treatment in case of the same fault occur in the future. The complete circuit has been simulated using Proteus simulation software. This simulation includes the power line, coupling circuit, modem and microcontroller type ATmega32 for master controller and ATmega8 for the slave controllers.
The controller detects the channel sensing signal before transmitting data. If this signal is low then the TxEN signal will be set to enable the VCO out and disable the echo signal. Fig.l5 shows the simulated input and output signals of the transmitter. The radio frequency signal shown in Fig. 15 is frequency shift keying between the two selecting frequencies which guarantees the maximum channel response. Fig. 16 shows the received signals at low noise amplifier input, resonator output and the envelope detector output. The received radio frequency signal shows fixed amplitude in spite of the different frequencies and that came from the suitable selected frequencies. The resonated output has a sufficient drop in voltage which makes the digital signal regeneration more easy.
VII. CONCLUSION
In this paper, a complete solution for PLC modem has been proposed based on existing power line characteristics. The frequency responses of the channel and coupler have been simulated for a wide range of frequencies. The designed modem has advantages of simplicity, cost effectiveness and using new strategy to control the out of reach devices without increasing the transmitting power or changing the circuit specifications. The proposed design offers a simple solution to control the solar trackers in a vast solar farm. It can monitor the supplied power by each single tracker in the field and having the ability to diagnose the fault in each of them.
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